Study design This is an animal study. Objectives Metformin is a safe drug for controlling blood sugar in diabetes. It has been shown that metformin improves locomotor recovery after spinal cord injury (SCI). Neuropathic pain is also a disturbing component of SCI. It is indicated that metformin has neuroprotective and anti-inflammatory effects, which attenuate neuropathic pain and hyperalgesia in injured nerves. Thus, we evaluated metformin's therapeutic effects on SCI neuroinflammation and its sensory and locomotor complications. Meanwhile, results were compared to minocycline, an anti-neuroinflammation therapy in SCI.
Introduction
There are two defined pathological pathways that lead into neuronal damages in SCI: the primary mechanism is the mechanical cord injury happening due to trauma to the spinal cord; the secondary damage occurs due to edema, inflammation, excitotoxicity, autophagy disruption and neuronal apoptosis. Secondary damage plays a critical role in the morbidities of SCI [1] . Different mediators such as TNF-α, interleukin-1β, and nitric oxide are involved in the mechanisms of secondary damage. It has been suggested that after the traumatic injury mediators such as nitric oxide trigger immune responses which lead to the activation of microglia with consequent release of proinflammatory factors including TNF-α and interleukin-1β [1, 2] . These cytokines cause increased inflammation, neuronal apoptosis and immune cell migration to the site of injury, which promotes prolonged SCI neuroinflammation. This neuroinflammation can lead to progressive neurodegeneration, and functional impairments such as neuropathic pain [1, 2] . Thus, indeed blocking the molecular pathways leading to inflammation could be of benefit to improve functional recovery in SCI patients.
Neuropathic pain is an important component in SCI affecting about 80% of the patients [3] . Significantly decreasing quality of life, this pain could lead to prominent disability and delay in rehabilitation. These patients experience a variety of neuropathic pain conditions such as hyperalgesia [3] . Although there are no definitive treatments for SCI neuropathic pain, recent investigation has shown significant attenuation of this pain through the administration of minocycline, a potent drug that has been previously shown to have significant neuroprotective effects via TNF-α, interleukin-1β (IL-1β) and microglial inhibition. In addition, mammalian target of rapamycin (mTOR) inhibitors have similar potency in SCI treatment [3] [4] [5] .
Metformin inhibits mTOR and is a well-known drug for controlling diabetes type 2 [6] . Recently, Di Zhang et al. and C.Wang et.al. showed that metformin regulates the process of autophagy and locomotor recovery after spinal cord injury through AMP-activated protein kinase (AMPK) activation and mTOR inhibition [7, 8] . Likewise, metformin has neuroprotective and anti-inflammatory effects in the central and peripheral nervous systems [9] [10] [11] . It has also been shown that metformin attenuates neuropathic pain and hyperalgesia in the spared nerve injury model via decreased activation of microglia [12] . Considering the potential efficacy of minocycline and its possible common therapeutic pathways with metformin, we decided to compare the metformin's efficacy on SCI complications with minocycline.
Methods

Animals
This study was performed on 48 male Sprague-Dawley rats weighing 240-260 g provided from Pasteur Institute (Tehran, Iran). Every two Rodents were kept in separate housing cages with a room temperature 23 ± 2°C and 50 ± 5% humidity in a 12 h day/night cycle; they had free access to tap water and rat chow pellets. Animal weight changes and occurrence of complications were also recorded in this study.
Drugs
Metformin, minocycline, cefazolin, buprenorphine, and xylazine were purchased from Sigma (St. Louis, Missouri, United States). Ketamine HCl was purchased from Gedeon Richter Ltd (Budapest, Hungary). Drugs were dissolved in physiologic saline and administered intraperitoneally at the time of surgery, with a volume of 1 ml/kg.
Induction of SCI
Anesthesia was induced by a mixture of ketamine (80 mg/kg) and xylazine (10 mg/kg). Animals were kept on a sterile heating pad during the time of surgery. Secured in a prone position rodents were subjected to T9 vertebra complete laminectomy followed by a spinal cord contusion injury induced by 60 s compression of the cord by an aneurysmal clip (YASARGIL ® Aneurysm clip system, Titanium mini clips FT712T; closing force, 110 g [1. 08 N]; 4.7 mm Blade length; 3.8 mm maximum opening diameter). Afterward, the wounds were sutured and animals received cefazolin (20 mg/ kg) and buprenorphine (0.1 mg/kg) and were kept in a 35°C incubator until regaining consciousness. Post-operative care was provided by administration of saline (2 ml), cefazolin (20 mg/kg) and buprenorphine (0.1 mg/kg) from day 0 to 6, and twice a day manual voiding of the bladder until redeeming the function.
Study groups
Animals were divided to six groups, a control group receiving only vehicle, i.e., saline (0.9%), metformin treatment groups, with intraperitoneal drug administration of different single doses of 10, 50 and 100 (mg/kg) at the time of injury, for determination of the most efficient dose response, minocycline group treated at a dose of 90 mg/kg immediately after SCI and two doses of 45 mg/kg every 12 h [13] , and finally a SHAM-operated group, which having no contusion injury received vehicle and other postoperative treatments. All of the data in this manuscript were gathered by different investigators blinded to the treatment groups.
Locomotor rating
The hind limb locomotor activity of the rats was scored on day 0 before the surgery, and 1, 3, 5, 7, 14, 21 and 28 days after SCI based on Basso, Beattie, Bresnahan (BBB) Locomotor Rating Scale. The scorings ranged from 0 to 21 based on weight bearing, limb movements, coordination, joint movements, coordination and operation of individual joints (0 indicates for no motor function, while 21 stands for full motor ability). Two investigators, blinded to the treatments, observed and scored each rat placed in an open field for 10 min. Scorings were given for every hind limb, and the mean score was documented for each rat at each session [14] .
Neuropathic pain assessment
Thermal allodynia
Tail-flick latency (TFL) was measured using a Tail-Flick Analgesia Meter (IITC life science model 33t; Los Angeles, California, USA) at day 0 before the surgery and 7, 14, 21, and 28 days post-operation. After an acclimatization time of 45-min, TFL was evaluated by exposing the dorsum of the rodent's tail to a beaming heat source; while conscious, the time taken for each animal to move its tail from the painful thermal incitement was recorded. In this regard for appropriate baseline intensity, each animal was subjected to five tests. The strength of the incitement was adjusted so that TFL would be between 7 and 8 s in unharmed animals, thus a cutoff time of 8 s was set to prevent injury. The mean withdrawal time was then calculated and documented by following tail-flick tests in each rodent.
Mechanical allodynia
The mechanical hyperalgesia in the plantar hind paws was evaluated by using von Frey filaments (Bioseb, USA). In this method, the cutaneous sensitivity to different filament stimulation for both hind paws was recorded as 50% withdrawal threshold in each rat and then the paws average score, as grams, was documented as a single value, at day 0 before the surgery and 7, 14, 21, and 28 days after SCI.
Histopathological scoring
After 28 days of assessments, all animals were anesthetized with Ketamine (100 mg/kg) and xylazine (10 mg/kg). Then the thorax was incised and with the heart exposed 150 ml of phosphate buffer saline (PBS) (pH = 7.4) was transcardially perfused after incising the right atrium was to permit exsanguination. The perfusion was followed by 250 ml of 4% paraformaldehyde (PFA) in half of the rodents in each group. While in the other half, the spinal cord was dissected, frozen in liquid nitrogen and held in a −70°C fridge for tissue cytokine assessment. The dissected spinal cord in the first half though was post-fixed in 4% paraformaldehyde for 72 h in PFA solution.
Spinal cord sections provided from these samples were further stained with hematoxylin and eosin (H&E) to study pathological changes. Three sections delivered from each rodent were primarily deparaffinized at 70°C for 20 min and xylene solution for 3 min, then rehydrated (2 min) and rinsed in tap water. Slides were rinsed in hematoxylin solution (Sigma, Chemical Co) for 15 min to stain nuclei then rinsed in tap water. 2 min eosin staining was performed followed by rinsing in 90, 96 and 100% ethanol for 2 min. Afterward, samples were immersed in xylene and mounting medium (Merck, Germany). Finally, slides were evaluated by a blinded, expert pathologist for quantitative analysis and histopathological scoring of the spinal cord impairment based on four factors including immune cells infiltration and inflammation, hemorrhage, axonal vacuolation and cyst formation. For histopathological scoring, we generated a calibrated transparent grid with a Zeiss Axiovision image analysis software (Carl Zeiss, Oberkochen, Germany) 5 + 100/100 mm scale over tissue samples on ×100 magnification. Each gridline represented 0.1 mm displayed on the screen. A gridline was centered on the injury site and the area of 2 mm rostral and 2 mm caudal to this point was selected for analysis. The analysis was average measure on three different areas of a sample 100 µm apart. Histopathologic assessment scored from 0 to 3 for the presence of vacuolization, cyst formation, hemorrhage, and inflammation. Where 0 was indicative of no evidence, 1 was mild, 2 was moderate, and 3 was severe. Scores then presented as a cumulative score of 0-12 [15, 16] .
Assessment of inflammatory mediators
For measuring the inflammatory mediators level in the spinal cord specimens, the samples were dissected out and homogenized in lysis buffer; the homogenized samples were centrifuged at 4000 r.p.m. for 15 min at 4°C. Enzyme-linked immunosorbent assay (ELISA; Abcam, Cambridge, UK) were then used to determine the levels of TNF-α and IL-1β.
Statistical analysis
The sample size was calculated using G*power software version 3. In this regard, considering the power of the study reaching 0.8 and α = 0.05, a sample size of 6-8 animals for each group was calculated to be adequate for the current study. Differences in locomotor scores and neuropathic pain assessments throughout the evaluation time period were analyzed by repeated measures analysis of variance (ANOVA) followed by Tukey's post hoc test. Differences in pathologic scorings and tissue cytokine levels were analyzed by analysis of variance (ANOVA) test followed by Tukey's post hoc test. Statistical Analyses were performed by SPSS version 24 (Chicago, Illinois, United States) and p value < 0.05 was considered to be statistically significant. The correlation of locomotor score and pain assessments was also analyzed in order to evaluate the effect of locomotion changes on pain response.
Statement of ethics
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Results
Locomotor scaling
One day after the surgery, the mean locomotor scores significantly dropped from (Mean: 21, SD: 0) to (Mean: 0.031, SD: 0.17) in all treatment groups (p < 0.001) except for the SHAM-operated animals. A two-way repeated measure ANOVA was conducted that examined the effect of treatment group and time (28 days) on BBB locomotor scale. While time was shown to be independently effective in score changes (p < 0.001), there was a statistically significant interaction between the treatment group and time on BBB locomotor scale (p < 0.001). Results showed that there was a significant difference in locomotor scale between different treatment groups (p < 0.001). Multiple comparisons using Tukey post hoc test indicated that the mean locomotor scores compared to control group was improved in metformin 50 mg/kg (Mean difference: 3.195, S.E: 0.553) (p < 0.001) and minocycline (Mean difference: 4.67, S.E 0.531) (p < 0.001), while there was no significant difference between these treatments (p = 0.107). Although, none of the effective interventions mean locomotor scaling were similar to the SHAM-operated group (p < 0.001). (Fig. 1) .
Neuropathic pain
Tail-flick latency A week after the surgery (day 7), assessment of the SCI groups for response to thermal incitements (tail-flick test) revealed a significant decline in the mean TFL (Mean difference: 1.13, SD difference: 0.91, p < 0.001). Evaluation of weekly changes in latency with repeated measure ANOVA showed that while time (p < 0.001) and its interaction with treatment group (p < 0.001) were significantly effective in Fig. 1 Line chart of BBB locomotor scores of rats treated with metformin (10, 50 and 100 mg/kg) and minocycline. a Metformin at the dose of 50 mg/kg improved hind limb locomotor recovery through 28 days. There was no significant difference between metformin (50 mg/kg) and minocycline treatments over 28 days of observation. b The data are presented as mean ± SD (6-8 rats per groups). *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001 compared to the control group on the same day TFL changes, there was a significant difference between the efficacy of different drugs (F (5, 31) = 25.689, p < 0.001). Metformin 50 mg/kg and minocycline were similarly (p = 0.052) effective (p < 0.001) on increasing the latency and inhibiting the nociceptive phenomena induced by SCI over a 4-weeks time period (Fig. 2) .
Mechanical allodynia
The von Frey method was performed weekly for 28 days in order to evaluate mechanical allodynia in the hind paws after SCI (Fig. 3) . The 50% withdrawal threshold changes in the SHAM-operated animals were unremarkable through the study while the thresholds dropped significantly in SCIinduced animals a week after surgery (Mean difference: 33.55, SD difference: 14.72, p < 0.001). Weekly changes in mechanical sensitivity were assessed with repeated measure ANOVA. Our results revealed that, time (p < 0.001) and its interaction with treatment groups (p < 0.001) were significantly effective to improve resistance to mechanical pressure. Also, there was a significant difference between the effectiveness of different treatments (F (5, 34) = 35.717, Fig. 2 Line chart of the mean tail flick latencies of rats treated with metformin (10, 50 and 100 mg/kg) and minocycline. a There was a significant improvement in TFL scoring in metformin (50 mg/kg) group through 28 days after surgery. There was no significant difference between metformin (50 mg/kg) and minocycline-treated animals in the study period. b The data are presented as mean ± SD (6-8 rats per groups). *P < 0.05, ***P < 0.001, and ****P < 0.0001 compared to the control group on the same day Fig. 3 Line chart of von Frey filaments test scores of rats treated with metformin (10, 50 and 100 mg/kg) and minocycline. a Metformin at dose of 50 mg/kg significantly improved the resistance to mechanical pressures through 28 days after injury. There was no significant difference between metformin (50 mg/kg) and minocycline-treated animals in the study period. b The data are presented as mean ± SD (6-8 rats per groups). *P < 0.05, **P < 0.01, and ****P < 0.0001 compared to the control group on the same day p < 0.001). Metformin 50 mg/kg (p = 0.016) and minocycline (p < 0.001) similarly improved the mechanical pain through time (p = 0.298), while none of them could restore the 50% threshold to the same level as SHAM group (p < 0.001).
Body weight
After surgery, all SCI-induced animals suffered a significant weight loss of 12.4 g (S.E: 1.33) in 1 week. Moreover, repeated measure ANOVA reveled that through the 28 days, all of the rodents with SCI experienced a significant weight loss of 26.45 g (S.E: 3.56) (p < 0.001). Statistical analysis showed a significant weight gain in SHAM-operated animals (Mean difference: 32, S.E: 0.87, p < 0.001). Repeated measure ANOVA for of all the studied rodents showed that weight loss was statistically similar in metformin-treated rats and the control group (p > 0.05); however, weight loss in minocycline-treated rodents was significantly less than the control group (Mean difference: 14.51, S.E: 4.12, p = 0.014). Comparing the effect of different interventions on weight changes, our results revealed that metformin at the dose of 50 mg/ kg was more effective than the other applied doses of this drug (p < 0.01) (Fig. 4) .
Spinal histopathologic scores
Cumulative histopathologic scores of 0-12, based on hemorrhage followed by inflammatory cell invasion, neuronal vacuolation, and cyst formation were evaluated, by a blinded expert pathologist (Fig. 5 ). There was a statistically significant difference between groups as determined by oneway ANOVA (F (2, 23) = 15.122, p < 0.001). A Tukey post hoc test revealed that the histopathologic scores were significantly lower in metformin 50 mg/kg (Mean: 2.37, SD: 1.06, p < 0.001) and minocycline (Mean: 3.75, SD: 1.48, p = .006) compared to the control group (Mean: 6.25, SD: 1.66). Additionally, there was no statistically significant difference between the metformin 50 mg/kg and minocycline groups (p = 0.157) ( Table 1) .
Cytokines assessment
Proinflammatory cytokines, TNF-α, and IL-1β, were assessed in spinal cord 28 days after surgery to determine the potential anti-inflammatory effect of metformin in SCI rats. As expected, both TNF-α, and IL-1β levels were significantly higher in control group (TNF-α: 631 ± 16.39 pg/mg, IL-1β: 374.26 ± 36.30 pg/mg) compared to metformin 50 mg/kg (TNF-α: 8.09 ± 1.15 pg/mg, p < 0.001, IL-1β: 95.13 ± 36.30 pg/mg, p < 0.001) and minocycline (TNF-α: 4.99 ± 1.54 pg/mg, p < 0.001, IL-1β: 109.01 ± 12.59 pg/mg, p < Fig. 4 Line chart of mean weight of rats received metformin (10, 50 and 100 mg/kg) and minocycline. a Weight loss was similar in metformin (50 mg/kg)-treated rats and the control group. Weight loss in minocycline group was significantly less than the control group. b The data are presented as mean ± SD (6-8 rats per groups). *P < 0.05, **P < 0.01, and ****P < 0.0001 compared to the control group on the same day 0.001).Moreover, there was no significant difference in cytokine levels between metformin 50 mg/kg and minocycline administration (p TNF-α = 0.894, p IL-1β = 0.781) ( Table 2 ).
Correlation of locomotor score and pain assessments
Our obtained data indicate that the increase of locomotion (BBB score) is significantly correlated with a decrease in sensory response in von Frey filament test in spinal cordinjured rodents (spearman correlation coefficient = −0.454, p value = 0.01), which is also significantly correlated with a decrease in tail flick latency (spearman correlation coefficient = 0.465, p value = 0.02).
Discussion
The current study demonstrated that metformin, administrated at a single dose of 50 mg/kg at the time of injury, had significant effects on SCI complications. Our results showed that in addition to significant improvement in behavioral responses, metformin substantially decreased histopathological signs of neuroinflammation and the level of TNF-α and IL-1β inflammatory cytokines in the cord tissue of spinal cord-injured rats. Interestingly, the therapeutic effects of metformin were similar to minocycline, a potential neuroprotective agent for SCI [5, 13] . In the current study, tactile and heat stimulation tests were started a week after surgery when according to previous studies acute inflammation is reviled and regeneration is initiated [17] . Comparing our results on the progress of locomotor improvement with previous studies, it could be concluded that the severity of SCI could not have affected the animals' response to neuropathic pain [18, 19] . Interestingly, our results showed that while all of the animals' locomotor activity was improved through time, metformin 50 mg/kg and minocycline lead to a significant increase in TFL and VF response in contrast to the control group. Thus, these findings confirm that the applied treatments improved the pain threshold contrary to the expected course in SCI injured rodents. SCI leads to acute and chronic neuroinflammation associated with neurotoxicity, axonal damage and finally glial scarring. The scale of inflammation is directly associated with the release of inflammatory cytokines and also the amount of hemorrhage caused by SCI [20, 21] . It is believed that cyst formation and glial scar, the most important inhibitors for neuroregeneration, are mostly formed by reactive astrocytes, macrophages and microglia [21] . The gradual increased inflammatory activation of these cells peaking 4 weeks after injury aggravates neuronal death and axonal damage. Inflammatory cytokines such as TNF-α and IL-1β are proposed to have a major role in this process [20, 21] . Moreover, the post-SCI neuronal-glial interactions associated with maladaptive synaptic plasticity and cellular signaling and hyperactivity of sensory neurons contribute to the heightening of the neuropathic pain after SCI [22] . The histopathological evaluations in the current study showed that metformin and minocycline had similar effects on the spinal cord tissue, as they both significantly reduced inflammation, vacuolation, hemorrhage and cyst formation compared to the control group. The similar improvement of the functional behavior and reduced responsiveness to mechanical and thermal allodynia also verifies the hypothesized therapeutic effects of these treatments. Also, the similarity of our findings with previous studies on the efficacy of metformin and minocycline in SCI functional recovery could confirm the validity of these interventions [7, 23, 24] . These results are consistent with previous research showing that inhibition of proinflammatory cytokines has significant protective effects on neuronal death and axonal damage and improves healing in the regenerative process [21] .
Studies have shown that microglial inhibition via neutralization of TNF-α and IL-1β attenuates neuropathic pain and mechanical hyperalgesia. Minocycline, described to be therapeutic in various pain facilitation studies, is considered to be an effective agent through inhibition of these cytokines, and thus reduced microglial activity [25] . Similar to the current research, investigations indicate that metformin inhibits these inflammatory cytokines (e.g., TNF-α) and their receptors; specifically in immune cells such as macrophages [26] . Metformin has neuroprotective effects leading to both functional recovery and neural salvage in different CNS impairments such as stroke, Parkinson's disease, and SCI [7, 27] . In addition, regulation of autophagy by metformin promotes neuronal survival and functional recovery in spinal cord injury [7] . Likewise, minocycline inhibits inflammatory cytokines such as TNF-α. The attenuation of inflammatory cytokines by minocycline in addition to the anti-apoptotic properties of this agent are shown to have significant effect in SCI complications [13, 28, 29] . In the present study, the similar curative influence of metformin and minocycline in SCI-induced hyperalgesia, considering the akin significantly diminished histopathological impairment and proinflammatory TNF-α and IL-1β cytokines levels, promotes the hypothesis of an analogous protective interaction between these drugs. Recent researches have indicated that the normal inflammatory-regenerative sequence of tissue repair process is impaired in SCI [30] . It has been described that high levels of TNF-α lead to neurotoxicity, axonotomy and promotes inflammation [31] . The positive loop of cytokines generation leads to a continuous neurotoxicity and chronic inflammation, cessation of this vicious cycle, as shown by the results of the current study, would be beneficial for slowing and reversing the course of the impairment [30, 32] .
Multiple signaling pathways regulate the NF-κB levels, which have a major role in SCI inflammation and neurotoxicity, in cells affected by cord injury [33, 34] . Some of these signaling pathways are the mitogen-activated protein kinase (MAPK) p38, the phosphoinositide-3-kinase (PI3K) and mTOR [35, 36] . It has been demonstrated that metformin as an inhibitor of mTOR attenuates neuronal damage and locomotor impairment, regulates autophagy and inhibits the NF-kappaB signaling [7, 8] . Besides blocking the inflammatory cytokines such as TNF-α, minocycline has been reported to play its protective role by regulation of P38 MAPK and (PI3K)/Akt together with NF-kappaB signaling pathways in the spinal cord [28, 29, 37] . Taken together, it could be suggested that inhibition of NF-kappaB signaling is a possible common pathway for the protective effect of metformin and minocycline. Although, as there are many cellular and pathological pathways in spinal cord injury, the exact evaluation of the protective mechanisms involved in treatment by these drugs were out of the scopes of the current research [38, 39] . However, regarding the discussed similarities resulted from previous research and the current study, it could be concluded that metformin and minocycline attenuate the pathological and behavior outcomes of spinal cord injury through similar pathways with antiinflammatory characteristics being prominent among them. However, the differences between these therapeutic approaches would be a noteworthy query.
Significant weight loss is an acute characteristic of spinal cord injury, which occurs due to the metabolic changes, nutritional markers depletion and muscle atrophy [40] . Following the acute weight loss subjects suffering from immobility come into a weight gaining phase, which is mostly promoted by increased body fat and visceral adiposity that may lead to difficult challenges such as metabolic syndrome and cardiovascular complications [41] . In this study, minocycline significantly reversed the weight loss compared to control group. On the other hand, metformin administration was associated with significant weight loss. The contrast between the effects of these therapies could be implied by the fact that metformin is known to cause weight loss by lowering food intake through different pharmacological interactions such as improving insulin sensitivity and also improving lipid metabolism [42] . Considering the negative effects of weight gain in SCI, the weight losing characteristic of this drug, thus might be beneficial after cord injury. Indeed, more extensive studies with a focus on weight changes would be imperative for confirmation of these effects.
It has been demonstrated that administration of metformin at the dose of 50 mg/kg shows a more prominent efficacy in attenuating IL-1β and TNF-alpha levels, compared to high doses of 100 and 200 mg/kg. Also, by correlating the drug dosage from animal to human dose, the antiinflammatory dose of 50 mg/kg metformin in rodents is shown to be below the therapeutic dose used in diabetic humans [43] . Interestingly, study of metformin's doses response curve has shown to have a biphasic effect in the efficacy of the drug. According to this curve, the efficacy of metformin decreases at both very low and high doses [44] . Our results, in accordance with the mentioned previous findings, indicate that metformin at the dose of 50 mg/kg had the highest effect on SCI complications compared to other administrated doses in this study.
In summary, we showed that metformin significantly improves locomotor activity and neuropathic pain in spinal cord-injured rodents through the attenuation of destructive neuroinflammatory responses. According to our results, metformin might be beneficial in post-SCI weight changes. We also discussed similarities in therapeutic effects of metformin and minocycline following SCI. The similarities include improving the functional recovery, histopathological and inflammatory status of the injured cord and neuropathic pain. Moreover, considering the similar therapeutic effects of metformin and minocycline in addition to its presumably favorable post-SCI weight changes, metformin's smaller production price, wider therapeutic window and lower incidence of side effects, the authors strongly suggest further investigations of the potential clinical therapeutic effects of metformin on spinal cord injury in human.
